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(54) SHORT CIRCUIT PROTECTIVE CIRCUIT FOR POWER SUPPLY IC 

(57)Abstract: 

PURPOSE: To realize stabilized short circuit protection without enlarging the size 
of transistor by pulling the voltage upto the power supply voltage of a driver 
transistor upon detection of short circuit through an error amplifier and providing 
a cut-off voltage from the error amplifier to the driver transistor. 
CONSTITUTION: Upon short circuit of a load 3, voltage at point C is pulled down 
to the earth and a high current flows through an operating driver FET element 
P1. On the other hand, current flowing through a resistor R1 also increases. 
Consequently, the gate-source voltage of a FET element N1 increases to turn the 



(51)lnt.CI. 



FET element N1 ON thus turning a pull-up FET element P3 ON. Consequently, 
power supply voltage VDD is applied through the pull-up FET element P3 and 
the point C onto the positive input terminal of an error amplifier 1. Voltage at point 
C is temporarily pulled down to the earth but it is pulled up instantaneously to the 
power supply voltage VDD. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The driver transistor for supplying the power source of a predetermined 
electrical potential difference to a load, The error amplifier which detects what the 
power outlet short-circuited and outputs predetermined cut-off voltage to the gate 
terminal of a driver transistor, In the short circuit protection network of the voltage 
regulator which protects a short circuit by ****(ing) and carrying out off actuation 
of the driver transistor with the above-mentioned error amplifier The short circuit 
protection network of the voltage regulator characterized by having carried out 
pull-up of the input terminal side of error amplifier to the supply voltage of a driver 
transistor when the above-mentioned error amplifier detected a short circuit, and 
considering as the configuration which outputs cut-off voltage to a driver 
transistor from error amplifier. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the configuration of the short 
circuit protection network of the voltage regulator for supplying the power source 
of a predetermined electrical potential difference to various equipments. 
[0002] 

[Description of the Prior Art] The short circuit protection network of a voltage 
regulator is used for various power sources for equipments, such as a power 
source for cars, a business-machine dexterous power source, and a power 
source for home electronics, for example, has composition like drawing 3 . The 
FET component P1 of a P channel, and P2 and P3, in drawing 3 , a protection 
network is FET (the electrolysis effectiveness mold transistor) of CMOS 
(complementary MOS). The FET component N1 of an N channel, resistance R1, 
and R2 are prepared, and it is the above-mentioned FET component P1. A 
source terminal is connected to a power source (VDD), and the duty as a driver 
transistor is carried out. Moreover, the above FETP3 The above-mentioned 
driver FET component P1 The duty which carries out pull-up of the potential by 
the side of the gate to supply voltage VDD is carried out. This driver FET 
component P1 While the output side of the error amplifier 1 which detects the 
short circuit condition of a power outlet is connected to a gate terminal, it is the 
above-mentioned FET component P3 for pull-up to the output side of this error 
amplifier 1. The drain terminal is connected. And the source 2 of reference 
voltage is connected to the negative input terminal of this error amplifier 1, and it 
is the power-outlet terminal Vout in a plus input terminal. Sense resistance R3 It 
minds and connects and this error amplifier 1 is the reference reference voltage 
Vref. A short circuit condition is detected as compared with the partial pressure 
value of an output terminal electrical potential difference. Furthermore, the 
above-mentioned driver FET component P1 In a drain terminal, it is an output 



terminal Vout. While connecting, it is the sense resistance R3 and R4. It 
connects and is this sense resistance R3 and R4. A midpoint is connected to the 
plus input terminal of the above-mentioned error amplifier 1 . 
[0003] According to such a circuit, it is an output terminal Vout. Although a load 3 
will be connected, supposing this load 3 short-circuits by a certain cause, for the 
A point potential of drawing, the plus input terminal voltage of pulldown **** and 
the error amplifier 1 is reference voltage Vref to a ground. Since it falls, while 
detecting a short circuit condition with this error amplifier 1, only a predetermined 
electrical potential difference reduces output voltage, if an output connects too 
hastily on the other hand -- driver FET component P1 **** - since a bigger 
current than usual flows - the electrical potential difference between the source- 
drains of the FET component N1 -- increasing -- FET component N1 while 
turning on -- FET component P3 for pull-up ON actuation is carried out. When it 
does so, it is this FET component P3 for pull-up. Since it minds and supply 
voltage VDD is impressed to the B point of drawing, pull-up of the electrical 
potential difference by the side of the output terminal of the error amplifier 1 is 
carried out promptly to supply voltage VDD, and as a result, it is the driver FET 
component PL The electrical potential difference near supply voltage VDD is 
supplied to a gate terminal, and it is the driver FET component PL It is cut off. 
Thus, driver FET component P1 An overcurrent can be prevented, therefore 
protection of IC circuit can be performed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned 
conventional short circuit protection network, it is the driver FET component PL It 
is the above-mentioned FET component P3 for pull-up in order to pull up gate 
voltage to supply voltage VDD. There was a problem that field size, i.e., a W/L 
ratio, had to be enlarged. That is, at the time of a short circuit, it is the above- 
mentioned FET component P3 for pull-up. Although FET (see FETN3 of below- 
mentioned drawing 2 ) of the N channel in the above-mentioned error amplifier 1 
carries out ON actuation simultaneously, it is the FET component P3 for pull-up 



by relation with this FET. In order to give predetermined cut-off voltage promptly, 
it is the FET component P3 for pull-up. It is necessary to make the resistance 
between the source-drains at the time of ON actuation smaller than before. For 
that, the FET component of the N channel for example, in the error amplifier 1 is 
large to about 4 to 5 times, the above-mentioned W/L ratio had to be carried out, 
and there was a problem that IC circuit will be enlarged. 
[0005] This invention is made in view of the above-mentioned trouble, and the 
object is in offering the short circuit protection network of the voltage regulator 
which can perform stable short circuit protection, without enlarging size of the 
transistor for pull-up. 
[0006] 

[Means for Solving the Problem] A driver transistor for this invention to supply the 
power source of a predetermined electrical potential difference to a load, in order 
to attain the above-mentioned object, The error amplifier which detects what the 
power outlet short-circuited and outputs predetermined cut-off voltage to the gate 
terminal of a driver transistor, In the short circuit protection network of the voltage 
regulator which protects a short circuit by ****(ing) and carrying out off actuation 
of the driver transistor with the above-mentioned error amplifier It is characterized 
by having carried out pull-up of the input (forward) terminal side of error amplifier 
to the supply voltage of a driver transistor, when the above-mentioned error 
amplifier detected a short circuit, and considering as the configuration which 
outputs cut-off voltage to a driver transistor from error amplifier by this. 
[0007] 

[Function] According to the above-mentioned configuration, when a load short- 
circuits, pull-up for example, of the plus input terminal side of error amplifier will 
be carried out with the FET component for pull-up to supply voltage, and pull-up 
also of the output side of error amplifier will be carried out by this to supply 
voltage. Therefore, a driver transistor will be cut off by the output of the above- 
mentioned error amplifier, and it is protected from a short circuit condition with it. 
In the above-mentioned case, the FET component for pull-up makes the sense 



resistance connected to the N channel FET [ in error amplifier ], or ground side of 
a driver transistor between grounds intervene, and the FET component for pull- 
up becomes the form with the above-mentioned sense resistance which suiting 
pulls. Usually, this sense resistance serves as about [ 500kohm-1M omega ] big 
resistance, and since the resistance of the FET component for pull-up should be 
just smaller than this big resistance, there is no need of enlarging field size (it is 
not necessary to make the resistance at the time of a flow small). Consequently, 
pull-up of the output side of error amplifier can be efficiently carried out to supply 
voltage. 
[0008] 

[Example] The short circuit protection network of the voltage regulator concerning 
the example of this invention is shown in drawing 1 , the short circuit protection 
network of this voltage regulator consists of the same configuration as a circuit 
conventionally, and it is the driver FET component PL Supply voltage VDD is 
given to a source terminal, the sense resistance R3 (for example, 4 M omega) 
and R4 (for example, 1 M omega) are arranged to a drain terminal side, and it is 
the sense resistance R3 and R4. It is an output terminal Vout to a node. It has 
prepared. Moreover, FET component P3for pull-up The FET component P2 (P 
channel) which performs related actuation of pull-up, N1 (N channel), resistance 
R1, and R2 It is prepared and the error amplifier 1 is the above-mentioned driver 
FET component P1 about an output side. It connects with a gate terminal and is 
prepared. And at this invention, it is the above-mentioned FET component P3 for 
pull-up. A drain terminal is connected to the plus input terminal (C point of 
drawing) instead of an output terminal of the error amplifier 1 . 
[0009] the concrete circuit in the above-mentioned error amplifier 1 shows 
drawing 2 - having -- **** - a graphic display - like - the FET component P4 of 
a P channel, and P5 The FET component N2 of an N channel, N3, and N4 from - 
- it is constituted. And FET component N2 A gate terminal turns into the plus 
input terminal VIN, and it is the FET component N3. A gate terminal turns into a 
negative input terminal (Vref) with which reference voltage is set up, and it is this 



FET component N3. It is an output terminal VO to a drain side. It is prepared. 
[0010] An example consists of the above configuration and explains the 
operation below, power-outlet terminal Vout of drawing 1 Driver FET component 
P1 which the electrical potential difference of C point of a graphic display will 
drive with pulldown ****** to the ground if the load 3 connected short-circuits **** - 

- an about [ 1A ] big current will flow, therefore, a short circuit condition detects 
with the error amplifier 1 - having - an output side -- a ground -- pulldown ****** - 

- things - becoming -- the drop of this output voltage -- FET component P2 ON 
actuation is carried out. On the other hand, it is the driver FET component P1. 
Since an about [ 1A ] current flows, it is resistance R1. It lets it pass and the 
flowing current also becomes large. Therefore, FET component N1 The electrical 
potential difference between the gate-sources rises and it is this FET component 
N1. ON actuation is carried out and, as a result, it is the FET component P3 for 
pull-up. ON actuation is carried out. When it does so, supply voltage VDD is the 
FET component P3 for pull-up. It minds and is given through C point describing 
above to the plus input terminal side of the error amplifier 1, and pulldown ****** 
will make a ground the electrical potential difference of this C point in an instant, 
and pull-up will once be carried out to supply voltage VDD. Consequently, from 
the error amplifier 1 , the electrical potential difference near supply voltage VDD 
will be outputted, and it is the driver FET component P1 by this output. It is cut off 
and protected from a short circuit condition. 

[001 1] In the above-mentioned case, as shown in drawing 2 , they are an input 
terminal VIN and an output terminal VO. It is the FET component N2 in between. 
The gate will intervene and it is this FET component N2. High resistance will be 
obtained and, on the other hand, pull-up will be carried out to the parallel 
resistance of the sense resistance R3 (for example, 4 M omega) and R4 (for 
example, 1 M omega). Therefore, pull-up FET component P3 Resistance is the 
juxtaposition sense resistance R3 which is usually about 500kohm-1M omega, 
and R4. It is the pull-up FET component P3 that what is necessary is just smaller 
than a value. It is not necessary to make the resistance at the time of a flow 



smaller than before. That is, as shown in drawing 2 (b), it is the above-mentioned 
pull-up FET component P3. If resistance at the time of a flow is set to Ra and 
drawing 1 , C point in drawing 3 and a B point, a ground, and the resistance Rb 
of a between are considered In the conventional case ( drawing 3 ), Resistance 
Rb The FET component N3 in the error amplifier 1, As opposed to becoming the 
small resistance determined with the FET component N4 (between the drain- 
source) Since it becomes resistance of the gate of the FET component N2 in the 
error amplifier 1 or the strong sense resistance R3 (for example, 4 M omega) of 
Mohm unit, and the parallel resistance of R4 (for example, 1 M omega) in the 
case of this invention, C point of drawing is maintainable on a comparatively high 
electrical potential difference. In the case of drawing 2 , the electrical potential 
difference of VC ={Rb/(Rb+Ra)} VDD occurs at C point, and it is the driver FET 
component P1 by this. Since it can cut off, it is the pull-up FET component P3. It 
is not necessary to enlarge a W/L ratio. 

[0012] Although the circuit of the type which performs short circuit protection on a 
forward electrical potential difference explained in the above-mentioned example, 
in the case of a negative electrical-potential-difference type circuit, this invention 
is applied also in this case that drawing 1 and the FET component of drawing 3 
should just make a P channel and an N channel reverse. 
[0013] 

[Effect of the Invention] The driver transistor for supplying a power source to a 
load according to this invention, as explained above, In the short circuit 
protection network of the voltage regulator which has the error amplifier which 
detects what the power outlet short-circuited and outputs predetermined cut-off 
voltage to the gate terminal of a driver transistor When the above-mentioned 
error amplifier detects a short circuit, pull-up of the input (forward) terminal side 
of error amplifier is carried out to the supply voltage of a driver transistor, this - 
error amplifier - since, since it was made to output cut-off voltage to a driver 
transistor The stable short circuit protected operation can be attained without not 
making small resistance of the FET component for pull-up, and also spoiling the 



property of error amplifier in IC circuit of the conventional small size. 
Consequently, according to generating of the heat by the overcurrent, destroying 
IC circuit is also prevented and it can realize effective short circuit protection. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the configuration of the short circuit 
protection network of the voltage regulator concerning the example of this 
invention. 

[Drawing 2] It is drawing for explaining actuation of an example, and is drawing in 

which drawing's (a's)'s showing the configuration circuit diagram in error amplifier, 

and showing the physical relationship of circuit resistance (b). 

[Drawing 3] It is the circuit diagram showing the configuration of the short circuit 

protection network of the conventional voltage regulator. 

[Description of Notations] 

1 - Error Amplifier, 

3 - Load, 

P1 -- Driver FET component, 



P3 - FET component for pull-up, 
P2, P4, P5 - P channel FET, 
N1, N2, N3, N4 - N channel FET, 
R3, R4 -- Sense resistance. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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